Introduction
There are several analytical solutions for gas dynamic flows, which are taught and used widely in the fluids engineering community. Laval nozzle, Fanno flow, and Rayleigh flow are some of these examples, 1) as well as the source (sink)-vortex spiral flow. 2) In theory, this spiral flow can be accelerated from subsonic to supersonic and/or decelerated from supersonic to subsonic isentropically. In this paper, the analytical solution of the isentropic spiral flow was reexamined, and the stream function was obtained in a closed analytical form for particular sets of the specific heat ratio.
Analytical Solution
The governing equations for the source-vortex spiral flow are:
continuity: 2ru r ¼ 0 Q ð1Þ
where a is the velocity of sound, Q is the volume flow rate at stagnation condition (constant), r is the radius, u is the velocity, is the specific heat ratio, À is the circulation (constant) and is the density. The suffix r denotes the radial coordinate, denotes the circumferential coordinate, and 0 denotes the stagnation condition, respectively. The solutions are given by
] is the Mach number and Ã denotes the sonic condition. The temperature, the pressure, and the density can be determined from the energy and the isentropic relations. The limit circle (minimum radius) Mach number satisfies the equation from Eq. (4):
The stream function is calculated from
The solution becomes:
We define
For a purely concentric vortex flow (
where
When the power ð þ 1Þ=ð À 1Þ equals to an integer n,
The analytical solutions I for this are Technical Note
One of the above present solutions is shown by Shapiro 2) for ¼ 1:4 (air, n ¼ 2m ¼ 6):
For the source-vortex spiral flow, we derive from Eq. (4) and Eq. (10) the following:
Equation (16) can be expressed with Eq. (10) as
When the power 1=ð À 1Þ is an integer n,
For this particular , we get a closed analytical solution of I 2 as
(For n ¼ 1, AE term in Eq. (22) is taken to be 0.) We can determine the stream function from Eq. (9). The streamline is given by (r=r Ã ; ), and for ¼ 0 
Streamline
A streamline for ¼ 0 is shown for ¼ ðn þ 1Þ=n ¼ 3=2 and À=Q ¼ 10 in Fig. 1 (x, y: coordinate) . Although the subsonic branch A (partly supersonic near the limit circle) becomes a spiral, the supersonic branch B is almost a straight line for the same À. This is because u r must be much larger than u to satisfy the continuity equation at a low density. Figure 2 explains the situation (u r: u r , u th: u in Fig. 2 ).
Concluding Remarks
In conclusion, the isentropic spiral flow was reexamined, and the analytical solutions of the stream function were derived in the closed forms for the particular specific heat ratio , that is ðn þ 1Þ=ðn À 1Þ for a vortex and ðn þ 1Þ=n for a source (sink)-vortex. The supersonic streamline is found to be almost straight due to the large radial velocity component to satisfy the continuity at high Mach numbers.
